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APPARATUS FOR THE INJECTION MOLDING
OF RADIAL ENDLESS TIRE-TREAD RINGS

FIELD OF THE INVENTION

Our present invention relates to an apparatus for the
fabrication of a radial tread ring or like structure of
rubber by injection molding the rubber upon a rein-
forcement such as a belt for use in the fabrication of a
tire, especially a pneumatic tire for automotive vehicle
purposes. More particularly, the invention relates to an
apparatus for injection molding endless rings of rubber
or another elastomer.

BACKGROUND OF THE INVENTION

In the building of automotive vehicle tires and the
like, 1t 1s frequently desirable to prepare by injection
molding of an elastomeric material such as rubber, a
so-called tread ring or running ring which forms the
running surface of the tire and consists of an endless
annular layer of rubber bonded to a reinforcement in the
form of so-called belts.

It 1s known to provide, for the production of pneu-
matic tires without carcasses, an apparatus for the cast-
ing or injection molding of rubber upon one or more
belts, e.g. as described in Austrian Pat. No. 339,757,
using a core and means for forming a mold cavity with
the core such that, upon separation of the parts of the
mold cavity and removal of the core, the tire structure
is obtained.

In this system, the core has upper and lower portions
axially movable relative to at least two rows of seg-
ments and the latter rows of segments comprise radially
movable segments to enable separation of the annular
molded body from the mold-form elements. -

In Austrian Pat. No. 339,756, the outer shell-forming
members of the mold comprise groups of segments
swingable about axes and lying on opposite sides of the
rubber ring which is to form the tire. |

The fabrication of pneumatic tires with carcasses
with either of these apparatuses is not convenient since
the systems described cannot readily accommodate the
belts. Accordingly, a two-stage process must be pro-
vided in which the belts are first wound upon a winding
drum, are separately injection molded with tread rubber
to form an endless layer thereof on the belts and the

resulting tread ring must be combined with:the remain-
der of the tire.

Conventional apparatus for this purpose requires
complicated manipulation, storage and transportation
of the rings and a multiplicity of steps which are seldom
sufficiently coordinated to make the process economi-
cal.

‘The molding operations themselves are complicated

by the relatively complex mold-forming members as
well.

OBJECTS OF THE INVENTION
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It 15 the principal object of the present invention to
provide a simplified apparatus for the fabrication of
radial endless tread rings whereby the disadvantages of
earlier systems are avoided. -

Another object of the present invention is to provide
a relatively simpie apparatus capable of rapid, energy-
conserving and cost-saving fabrication of high quality
automotive vehicle tires while minimizing or eliminat-
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ing intermediate steps and complicated transport and
storage arrangements between steps. |

Stiil another object of the invention is to provide an
improved mold for the production of tread rings for the
purposes described.

Finally, it is an object of the invention to provide an
improved apparatus for manipulating tread rings fabri-
cated by injection molding.

SUMMARY OF THE INVENTION

These objects and others which will become apparent
hereinafter are attained, in accordance with the present
invention, by providing a molding apparatus having a
core which forms a circumferentially continuous, elas-
tic but substantially incompressible, variable-diameter
coiling disk or drum supported by an annular metallic
body and cooperating with a pair of half shells to define
the mold cavity for the tread rubber injection molded

‘onto the belts wound upon the elastic member.

According to the invention, the injection molding of
the tread layer is thus carried out directly upon the belts
on the surface on which they are wound by forming this
surface as part of the injection-molding cavity, thereby
eliminating any need for winding the belt separately
from the injection molding of the tread strip and any
need for transportation between these two stations.

The imnjection-molding apparatus forms part of the
shell-carrying unit and is shifted with the shells.

After the injection molding of the rubber and opening
of the mold shells, the assembly of injector and shells
can be shifted out of the path of a transfer ring which
picks up the tread ring from the core upon relaxation of
the elastic body upon which the belts are coiled. The
shells and injector can thus be shifted as a unit into a
stand-by position awatting the next molding operation,
or shifted to cooperate with another core upon which a
belt has been wound for the injection molding of an-
other ring. In the latter case, of course, the productivity
of the apparatus is greater. Furthermore, the system of
the tnvention eliminates much of the mold structure
hitherio required.

The apparatus of the invention is so contructed that
the injection pressure required for the molding of the
tread rings is maintained continuously in the unit.

According to the invention, moreover, annular cylin-
ders are provided on opposite axial sides of the core and
cooperate with annular pistons shiftable axially and
formed with frustoconical surfaces and mold-defining
edges to distend the opposite sides of the elastic belt-
carrying body and simultaneously seal the mold cavity.

This permits injection molding under especially high
pressures and even allows the cylinders and pistons to
be used for after-compaction of the injection molding
material. The injection-molded product thus is of espe-
cially high quality.

According to the invention, at least one of the annu-
lar pistons bears via a frustoconical member against an
elastic but substantially incompressible body to seal the
inlet from the injector to the mold cavity. The advan-
tage of this arrangement is that the injection molding
pressure should be sufficient to overcome pressure of
this sealing body or ring which, at the conclusion of
molding, seals off the passage and provides a certain
degree of after-compaction.

According to ‘the invention, in addition, the mold-
forming shells are profiled on their internai surfaces to
correspond to the outer profile of the tread ring so that
the tread profile of the running surface of the tire can be
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imparted directly to the tread ring during the molding
step of the present invention. The mold shells have been
found to be easily serviced as well.

" The half shells may open and close radially and/or
axially and to this end are mounted upon the injector for 5
movement in the corresponding direction. In principle,

however, it is possible to make the injection unit and the
mold shells fixedly located and to provide the belt-coil-

ing mandrel so that it is axially movable.

It has been found to be advantageous to provide 10
cooperating centering edges on the belt-coiling mandrel
or coil and upon the mold shells which are effective
during opening and closing of the mold shells. The
mold shells are locked by closure keys or wedges on the
mold shells actuated by hydraulic cylinders and are 15
displaced by cylinders as well. The mold cavity formed
between the yieldable mandrel surface and the mold
shells, including the belts, can seal automatically.

The belt-coil mandrel and the aforementioned sealing

ring are advantageously constituted of polyurethane 20

which has a high modulus of elasticity and is substan-
tially incompressible. | |

The mandrel can have V-shaped inwardly indented
disks to allow variation in diameter and hence free se-
lection of the diameter of the ring. To support the man- 25
drel against the high compressive forces during injec-
tion, a metallic back-up body is provided for the man-
drel. The actual displacement of the mandrel can be
~effected by compressed air or mechanical means.

To receive the injection molded tread ring bonded to 30
its belts, a transfer ring is axially shiftable relative to the
coiling mandrel. This also has inwardly indented V-
shaped disks and can be of variable diameter, controlled
by compressed air, to grip the injection molded ring.

The interior of the coiling mandrel can be provided 35
with circumferentially spaced pins, ribs or support rings
for reinforcement and to limit any spread of the man-
drel.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, features and advantages
of the present invention will become more. readily ap-
parent from the following description, reference being
made to the accompanying drawing in which:

FIG. 1 is a cross-sectional view through a portion of 45
an injection-molding assembly for injecting tread rub-
ber onto a belt; o

FIG. 2 is a diagrammatic section showing the cooper-
ation of the transfer ring and the mandrel; and

- FIGS. 3 through 7 are diagrams illustrating succes- 50
sive steps in the fabrication of a tread ring in accordance
with the invention.

SPECIFIC DESCRIPTION

The apparatus shown in FIG. 1 for the injection 55
molding of rubber rings for tires, comprises a belt-wid-
ening mandrel generally represented at 1 and supported
by a metal back-up ring 14. The resulting core can be
engaged between a pair of half shells 2 and 2', radially
shiftable by hydraulic cylinders 200 so that their parting 60
plane coincides with a plane perpendicular to the paper
in FIG. 1 through the axis 17. The shells are connected
to a temperature controller 300 so that they can be
cooled or heated. -

The axis 17 is defined by a shaft 30 which 1s keyed at 65
31 to a hub 32 carrying a pair of disks 33 and 34 which,
in turn, are bolted by screws 35 and 36 to a cylindrical
sleeve 37. Clamping rings 38 and 39 are attached by

4

bolts 40 and 41 to the sleeve 37 and engage the inner
edges 42 and 43 of inwardly indented V-shaped disks 6
and 6’ which are unitary with the cylindrical portion 44
of the mandrel. This forms a space 45 around the sleeve
37 and within the cylindrical portion 44 to which com-
pressed air can be fed, the air being communicated via

the passages 46’ to the underside of cylindrical portion
44, for expansion of the mandrel. The metal ring 14 is
supported on arms 48 reaching outwardly from the

sleeve 37.

The hub 32 is locked by a disk 50 and a screw 31
against a shoulder 52 of the shaft 30 which rotates to
allow coiling of the belt 4 on the mandrel 1.

The radially movable shells 2 and 2’ have inwardly
extending flanges 56 and 58 which reach behind an
outer ring 60 and into a groove 61 of the injector plate
62 of an injection-molding assembly 10 shown only
generally in the drawing. |

The ring 60 is threaded onto a support 63 mounted on
the plates 33 and 34. A similar ring 64 is likewise pro-
vided and the rings 60 and 64 are formed with annular
cylinders 65 and 66 communicating with compressed air
or other pressurized fluid passages 12 and 12".

The plate 62 has a central passage 70 communicating
with the extruder nozzle and with a plurality of angu-
larly spaced radial bores 3 which run into axial teed
passages 71.communicating with the mold cavity 3 in
which the belts 4 have previously been disposed.

The mandrel 1is adapted to be pressed by cones 7 and
7'against the interior of the shells 2 and 2’ to seal off the
mold cavity 5. Each cone 7, 7’ is connected to the re-
spective piston 80, 81 in a cylinder 65, 66.

A sealing ring 16, which like the mandrel 1 is com-
posed of polyurethane, is provided to seal the feed end
of the mold cavity 5 at 18.

The half shells 2, 2 and the core received therein
have centering edges 15, 15', 15" and 15'” to center the
shells relative to the belt widening mandrel 1.

The mandrel thus sealingly engages the shell at the
edges 13 and 13’ '

When the shells are separated and removed from the
region of the injection-molded tread ring, a transfer ring
can axially surround the core as is shown in FIG. 2 at 8.
This transfer ring 8 has V-shaped inwardly indented
disks 11 so that it is deformable against the molded tread
ring upon the passage of compressed air into the cham-
ber 90, thereby enabling the tread ring 9 to be with-
drawn upon relaxation of the mandrel.

FIGS. 3 through 7 show the sequence of operation.

Initially the mandrel 1, from which an injection
molded ring has previously been removed (FIG. 3), 1s
ready to be aligned with the injection unit 10 with
which the half shells 2 and 2’ are coupled, e.g. on a
common carriage 100 supporting a carrier 101 upon
which the shells can be moved radially of the axis of the
belt carrier in the direction of arrows 102. The carriage
100 may be displaceable on tracks represented at 103
into the position shown in FIG. 4 in which, when the
segments 2 and 2' are spread apart the carriage 100 can
be shifted to the left to accommodate the mandrel
within the shells (FIG. 5) which are closed. Naturally,
the belt is wound upon the mandrel prior to the closure
of the shells by the hydraulic means 200. The shells are
locked closed by closing wedges which are not illus-
trated but are actuated by cylinders 400 and injection
molding can be effected. Prior to injection molding,
fluid is supplied through passage 12 to drive the piston
80 to the right and seal edge 13. At the conclusion of the
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injection molding operation, the cylinder 66 is pressur-
1ized and piston 81 drives member 7’ to the left to enable
sealing ring 16 to close off the inlet side 18 and press
edge 13’ sealingly against the shells. This interrupts
further flow of the elastomeric material and provides
after-compaction. Any air inclusions are likewise driven
out.

The shells are separated and the unit 10 withdrawn
(FIG. 6) and the transfer ring 8 shifted over the mandrel
to enable the tread ring to be removed.

The tread ring can then be subjected to pressing and
hike tire bullding operations i the usual manner.

We claim:

1. An apparatus for the forming of tread rings, e.g. for
pneumatic tires, comprising:

an elastic mandrel of substantially incompressible

material having a generally cylindrical portion for
widening of a belt thereon;

at least two shells adapted to enclose said mandrel

and defining a mold cavity therewith;

means for mjecting an elastomer into said cavity;
and |

a metal ring-shaped backing member supporting said

mandrel,
said backing member and said mandrel being mounted
upon a core, satd core being formed with a pair of annu-
lar cylinders provided with respective cones engaging
opposite sides of said mandrel for sealing said sides of
said mandrel against said shells.

2. The apparatus defined in claim 1, further compris-
ing a substantially incompressible ring interposed be-
tween one of said cones and said shells at least along the
path of elastomer injection molded in said cavity to cut
off the flow of elastomer thereto.

10

15

20

23

30

35

45

50

33

60

65

6

3. The apparatus defined in claim 1 wherein said
shells are internally profiled to impart a complementary
profiie to the injection-molded ring.

4. The apparatus defined in claim 1 wherein said
shells are provided with temperature control means.

5. The apparatus defined in claim 1 wherein said
shells are half shells.

6. The apparatus defined in claim 1 wherein said
shells are shiftable radially relative to one another and
to said core.

7. The apparatus defined in claim 1 wherein said
shells and said injection means are mounted upon a
common carriage for movement relative to said core.

8. The apparatus defined in claim 7 wherein said
shells and said core are provided with mutually engag-
ing centering edges for centering said shells on said
core.

9. The apparatus defined in claim 7 wherein hydraulic
cylinders are provided to open and close said shells.

10. The apparatus defined in claim 7 wherein hydrau-
lic cylinders actuate locking wedges for said shells.

11. The apparatus defined in claim 7 wherein said
mandrel 1s composed of polyurethane.

12. The apparatus defined in claim 11 wherein said
mandrel has a pair of V-shaped inwardly indented disks.

13. The apparatus defined in claim 12, further com-
prising means for supplying compressed air to said man-
drel.

14. The apparatus defined in claim 13 wherein disks
of said mandrel are formed with reinforcing members.

15. The apparatus defined in claim 7, further compris-
ing a transfer ring axially shiftable relative to said core
for removing the tread ring therefrom.

16. The apparatus defined in claim 15 wherein said
transfer ring has an inwardly deflectible member en-

gageable with said tread ring.
X 3 * * E
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